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Honey Bee Breeding Strategies for Digital Agriculture Transition
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m As the paradigm of modern agriculture shifts from production-oriented industrial systems to
sustainable and data-driven digital models, the beekeeping industry faces a critical turning point.
This study proposes a comprehensive honey bee breeding strategy to facilitate the transition to
digital agriculture, addressing the multifaceted crises of climate change, emerging pathogens, and
structural economic vulnerabilities in the South Korean beekeeping sector. Currently, the dome-
stic industry is characterized by an excessive reliance on honey production (86.8% of total output)
and significant colony losses due to abnormal weather patterns, necessitating a move toward
more resilient and diversified genetic resources. This research redefines the role of honey bees as
intelligent pollination service providers within the digital agriculture framework. It systematizes
the integration of precision beekeeping technologies, such as loT-based environmental monitoring
and Al-driven behavioral analysis, into the breeding process. The core of the proposed strategy
is the transition to Digital Breeding which synergizes genomic information (Genomics) with high-
throughput digital phenotyping ([Phenomics). By utilizing smart hives to collect real-time data
on internal hive temperature, humidity, and foraging activity, breeders can evaluate digital
phenotypes with unprecedented objectivity and precision. Furthermore, this study highlights the
application of Genomic Selection models and Al algorithms to predict complex traits —including
Varroa Sensitive Hygiene and climate adaptability —at early developmental stages. This approach
is expected to significantly shorten breeding cycles and enhance selection accuracy. Finally, the
paper emphasizes the necessity of establishing a national-level data governance and a Honey Bee
Digital Breeding Platform to foster open innovation. In conclusion, the paradigm shift toward
digital breeding is an essential strategy to secure robust genetic resources and reposition bee-
keeping as a high-value-added, technology-intensive sector in the era of digital transformation.

LGS Honeybee breed, Digital breeding, Strategy
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Fig. 1. Schematic of annual changes in agricultural structure (Data and modify from Matson et al., 1997).
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Table 1. Production value and market share of primary honey bee products
Estimated amount Proportion
Product (Billion KRW) (%) Remarks
Natural honey 625.7 86.80 Primary revenue source
Propolis 359 5.00 Health functional food material
Pollen 5.6 0.80 Nutritional supplement & processing
Bee venom 30 0.40 Medical & cosmetic applications
Royal jelly 2.1 0.30 High-value functional product
Others (Feed honey, etc.) 48.5 6.70 Industrial raw materials
Total 720.8 100.00 Total direct production

Data from NIAS, 2021
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Table 2. Status of the number of beekeeping farms and colonies of Apis mellifera and A. cerana in Korea

No. of beekeeper

No. of colonies

Average colonies per beekeeper

Years

Total A. mellifera A. cerana Total A. mellifera A. cerana Total A. mellifera A. cerana
1990 45400 - - 527,000 - - 11.6 - -
2000 40,774 22,116 18,658 1,240,286 997,197 243,089 304 - -
2010 25,042 16,689 8,353 1,698,227 1,526,400 171,827 67.8 91.5 20.6
2020 27,532 24,116 3,349 2,679,842 2,581,766 98,076 97.3 107.1 293
2024 25,707 - - 2,538,432 2,395,670 142,762 98.7 - -

Data from MAFRA, 2024b
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Fig. 3. Schematic of smart farming system in beekeeping management.

E)7] oMK H ke A A BEIHE QIR 71AIA Hho] uhd A} o14] Wk (Lee er al., 2019) 52 Q13415
A2lgol i 9 BHaro] gt iAo s gl S = 283 B BT 7|&9] 7Fe A& AlAISHIH A5 F
Qo AHE Bazet 9] 24 XS ARt AFs AR Al AE A ICT 715 o] F A2l AAE o83t 7HA| o=
g2 45 Folo ih2 A4 5 Fots gr)dez 7 A RUEF (Son et al., 2019)7 A H G2 L83 S+
AAFT, B3 7|2 fEgo] & =Ul 71§ B4 H$ ] el (Kwon ef al., 2019a), o8] F7 7]&-S o83t
5t7] Qs =& At 23 2 95 F HANE dAE B B4 of| = 242 (Kwon e al., 2019b) FE7H0] AE
° & gt A7) 742 27 e BHgEQlen, o)F e 2 kg A vlojg] B0 R tiA|ehe AA AT
TS Fistely] fIgh 298 Y A|AH U hE 2 yrpkett 5 AP T FESMAREE SHS
= Fa 50 2ol -3t TAIA 313kE BolE 2 JoT HYEP 7|4k AnfE ¢Fg £ Y < ANLE 7]&
o}, ol 2Rt AR &2 A itk 57t B ARY A Ag b5 A 71s i 5] A THA (MAFRA, 2019)
H|= Azt glom k% A/d dAd B &e9] ot= £ &l 7€ 1 &35 A= A st Al
oA 715ko] = Sict. 714 AEe} HEo] e Al AAA S44S Sl
F 29| 8 7led I 7IASEE 9ol ICTE 59 W4 BEdi7} ot Qo) 20199 89 28 AlFg =] o] 2020
258 BUEE AAZ G256 [eEI QIey @A A WHEE A e 4G 54 2 2ol Bt HE(SE
of 2AIH FAE AE FE AFEL 255, C0x F AP oFs At el 3o A Zhx| e A E S 17 AHd
T, 5 o AAE 71202 o, Bl AL 7|2kt < oA FABRRE F a3 G o|tH(NLIC, 2020). ++ H= ]
TH A5 Ao71E Foll AR BERAYS] FEi= 57t w2t A B 308 oV, ESHE 105+ o1 57
of ShitEar glrt. e A SN E o s 5T £ 9F 55 ol Fglen, ol H7 Ao FdE F
AULE oFg A7 el AE I qlok. 8 9 AJE A F= G AA ddiRkE 99t 712 A=rF doh &
HUHE: S 75 AAZE B Ui -5 2 5] W dloll A4 2 7& NS SISt AAA 7 A
UE ™ Al2" 9 (Kim and Jung, 2015)7 B+ 28 = Yot s YA M2, AnE 48 2 Y %
A 2 t|o|E] 24 (Data Logger) ¥4 (Kim and Hong, 7o) A% 482 A%t A=t AAH 8-S AlEett
2015)= B A 9] vl A ek 77 Skt Bl ol2fgt WA Qliel= ¢ tAd 5 AA HollA =4
% 9 A A= ol T FAof gt 7] FH Al o] st2ui7f o8& =7t ZMtslel= ) glof A<l
2Hl(Kim et al., 2017) X FHI} EEH 0| H|g) T E4 AHAAL g2 pfd A o= 7| HF

B9 B35 A9 ©@A] AT (Kim er al., 2019b), B4 7]
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